Complexes of carboxymethyl-N-methyl-N-phenyl dithiocarbamate (DTC) with cobalt(II), nickel((II), copper(II) and zinc(II) complexes were synthesized in 1:2 molar ratio with general formula [M(DTC) 2 ],{M=Co(II)/Ni(II)/Cu(II)/Zn(II)} and characterized by elemental analysis, molar conductance, infrared and electronic spectra. The ligand structure was confirmed by 1 H and 13 C nuclear magnetic resonance spectrum. The measured molar conductance values indicate the non-electrolytic nature of the metal complexes. The elemental analysis, infrared, electronic spectra and magnetic moment suggest that the coordination of DTC occurred through sulphur and oxygen atom as a bidentate. The cobalt(II) and zinc(II) complexes were found to coordinate in a tetrahedral geometry and complexes and nickel(II) and copper(II) complexes coordinate in a square planar geometry. Thermal analysis was carried out to ascertain the thermal stability of the metal complexes. By using powder XRD measurements, the lattice parameters, space group and grain size were determined. The scanning electron microscope images reveal the surface morphology of the metal complexes.
INTRODUCTION
Sulphur-bonding ligands are important from the biological point of view and have attracted inorganic chemists in the past years 1, 2 . Dithiocarbamates are one of the most important classes of sulphur containing organic ligands with unpredictable coordination behaviour, selfassembly with transition element and their applications in several areas of chemical and biological fields 3, 4 . Dithiocarbamate act as monodentate, bidentate or chelating ligand, in which the different binding property determine the structural organization of coordination complex 5, 6 . The dithiocarbamate which contain additional donor groups such as oxygen and nitrogen atoms were found to show dramatic changes in their biological properties 7, 8 . Dithiocarbamate complexes of different transition metal ions were reported to act as anticancer 9, 10 , catalytic 11 , and antimicrobial activities 12, 13 . Dithiocarbamate complex are widely used in electro analytical reagents, catalysts and potential brain perfusion imaging agents [14] [15] [16] . Most dithiocarbamate complexes are used as nano precursor for the synthesis of nanoparticles 17 . The present work is related to the synthesis and characterization studies of carboxymethyl-N-methyl-dried. The purity of the ligand was checked by thin layer chromatographic technique.
Preparation of metal complexes
A hot methanolic solution (15 ml) of the ligand (2 mmol) was added dropwise to a hot methanolic solution (15 ml) of cobalt/copper/ nickel/ zinc chlorides (1 mmol) and refluxed for 1 h on a water bath at 70 0 C. The pH of the solution was adjusted to ~7-8 by adding sodium hydroxide solution and continued the refluxing process for 4 hours. The solid product separated was filtered, washed successively with methanol, filtered and dried in vacuum desiccator. The purity was checked by thin layer chromatographic technique.
RESULTS AND DISCUSSION
The synthesized ligand and its metal(II) complexes are non-hygroscopic solids, soluble in DMSO. Analytical data of the ligand and its complexes are in good agreement with their formulation, which is given in Table1 
H-NMR spectrum
Proton NMR spectrum of DTC was measured in DMSO-d6 solvent and it's shown in the Fig. 1 . The multiplet peak obtained at 7.4-8 ppm corresponds to the peak of aromatic hydrogen atom of phenylgroup 19 . Two singlet peaks were seen at 3.6 ppm and 3.96 ppm is due to the methyl group attached to nitrogen and methylene group attached to the carboxy group 20 . A singlet sharp peak at 12.63 ppm is due to the hydrogen atom of carboxylic acid.
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C-NMR spectrum
The carbon skeleton of the dithiocarbamate ligand was identified using 13 C-NMR spectrum. Carbon attached to the C=S group resonates at downfield shift at 196 ppm 21 . The peak at 169 ppm is due to the carbon atom of carboxylic acid. The carbon atom of the phenyl ring attached to the aniline nitrogen also resonates at downward shift at N-phenyl dithiocarbamate complexes of cobalt(II), nickel(II), copper(II) and zinc(II).
MATERIALS AND METHODS
Analar grade solvents and chemicals were used for this study. Transition metal(II) salts (cobalt/ nickel/ copper and zinc chlorides), carbon disulfide, N-methyl aniline, sodium hydroxide, sodium choloroacetate were purchased from Sigma Aldrich and Merck chemicals. Solvents used for physicochemical measurements were purified by standard methods.
Microanalysis(C, H, N, S) was done using Elementar Vario EL III CHN analyzer. The magnetic susceptibility measurements were carried out using Gouy`s method using Hg[Co(SCN) 4 ]used as calibrant. Diamagnetic corrections were made by using Pascal constants. Molar conductance measurements were done using 10 -3 M solutions of the complexes in DMSO solvent at room temperature using digital conductivitymeter. Infrared spectra of ligand and its complexes were obtained using potasium bromide pellets in the range of 4000-400 cm -1 on a Perkin Elmer FT-IR spectrophotometer. The electronic spectra of the ligand and its complexes were recorded using Genesys 10S-uV-VIS spectrophotometer in DMSO solvent. The NMR spectrum was taken in BRuKER Avance -III 300 MHz NMR spectrometer, using DMSO-d6 as solvent. Powder XRD measurements were conducted using Bruker D.
8 Advance X-ray diffractometer. The thermogravimetric analysis was carried out in the range of room temperature to 800 0 C in a Perkin Elmer Diamond TG/DTA at a heating rate of 10 0 C. Scanning electron microscope was recorded in JEOL model JSM-6390 LV SEM instrument analyzer.
Preparation of carboxymethyl-N-methyl-N-phenyl dithiocarbamate(DTC)
A mixture of carbon disulfide (12 mL, 0.20 mol) and N-methylaniline (21.6 mL, 0.20 mol) was treated with sodium hydroxide (8.2 g, 0.20 mol) dissolved in 250 mL water. The organic layer disappears after stirring the solution for 4 h at room temperature. At this point the resulting straw coloured solution was treated with sodium choloroacetate (23.2 g, 0.20 mol) and allowed to stand for 24 hours. The resulting solution was acidified with conc. HCl and the solid which was separated, collected and 146 ppm. The downward shift occurs as a result of the deshielding from the neighbouring nitrogen atom 22 . 
Infrared Spectra
The IR spectra of the ligand and its complexes were used to identify the coordination behaviour of ligand towards the central metal atom. A broad frequency band in between 2910-2920 cm -1 in the free ligand indicates the presence of OH group. The characteristic absorption peak of carboxylic acid of the dithiocarbamate at 1664 cm -1 was found to present, but the absence of peak in the (symmetric stretching) in zinc complex. The difference between the symmetric and asymmetric stretching peaks indicates the coordination of carboxylate ion towards the metal ions 24 . The strong band observed at 875 cm -1 assigned for C=S stretching frequency in the spectrum of ligand, which is shifted towards to lower frequency indicates the coordination of the sulphur to the metal atom. The additional bands in the range of 420-435 cm -1 and 560-580 cm -1 indicate the presence of M-S and M-O bonds 25, 26 . The infrared spectrum of ligand and its complexes are shown in the Figurs 3. 
Electronic spectra and magnetic moment
The electronic absorption band of ligand and complexes were recorded in DMSO solvent at 25 o C. Electronic spectral peak of the complexes around 300nm is attributed to intra ligand transition. The electronic spectrum of ligand exhibits two peaks at 276 nm and 324 nm, which may be assigned to be due to π-π* and n-π* transitions 27 .
The copper(II) complex possess the absorption bands at 281 nm and 329 nm is due to intra ligand π-π* and n-π* transitions. For square planar complexes, three allowed transitions are usually found. But since four d orbitals are very close to each other, it was difficult to distinguish three bands and a broad band appears at 680-720 nm corresponding to the d-d transitions of the copper(II) complex. A band due to ligand to metal charge transfer occurs at 470-520 nm. The magnetic moment of copper(II) complex was found to be 1.72 BM, which is due to the presence of one unpaired electron. From the spectral and magnetic moment studies suggest a square planar environment of copper complex 28, 29 .
The magnetic moment of cobalt(II) complex is 4.32 BM. An absorption band at 630 nm assigned to be ligand to metal charge transfer and the green colour of the complex are strong evidences to support a tetrahedral geometry for the cobalt complex 30, 31 . Nickel(II) complex possess the absorption bands at 282 nm, 331 nm and 440-450 nm. The intensity and position of the bands and the diamagnetic character indicates that nickel(II) complex has square planar geometry around the central metal atom 32 .
The diamagnetic mononuclear zinc(II) complex had only intra ligand transition at 280 nm and 336 nm, with a mononuclear tetrahedral geometry around the central metal atom 33 .
From the above studies, the complexes could be formulated as [M(DTC) 2 ]. On the basis of the previously discussed physico-chemical values and spectral data, the structure of the ligand and complexes could be assigned as shown in the Figurs 4a and 4b. 
Thermogravimetric Analysis
The thermal decomposition pattern and thermal stability of the metal complexes were analysed using thermogravimetric studies (Fig. 5) . . The lattice parameter, space group, and crystal system of complexes were determined and the details are given in Table 2 . 
Sem analysis
The surface morphology of metal complexes was analyzed using scanning electron microscope, and is shown in the Fig. 6 . PXRD results also suggest nanosize for copper(II) and zinc(II) complexes. SEM images with magnification value of 7,000X and optimum energy value of 20 kv were used for the analysis. SEM micrograph indicates cluster plate, cauli-flower, rose petal and agglomerated cluster like morphological structures for the cobalt, copper, nickel and zinc complexes 38 . 
